o f understanding is due t o t h e complexity of t h e s e systems cumulating t h e d i f f i c u l t i e s o f random heterogeneous media and t h a t of hydrodynamic systems. Due allowance being made f o r t h e i r eminent importance i n t h e i n d u s t r i a l o r n a t u r a l processes, they have been t h e s u b j e c t of numerous p r a c t i c a l s t u d i e s and a considerable knowledge h a s been cumulated. But t h e r e is not, a t t h e present t i m e , a complete t h e o r e t i c a l corpus allowing a deep understanding of t h e s e systems.
When one considers t h e case of one i s o l a t e d p a r t i c l e i n a f l u i d , some Simple s i t u a t i o n s as, f o r instance, t h e sedimentation i n a quiescent f l u i d o r t h e behaviour of t h e p a r t i c l e i n a sheared f l u i d may be e x a c t l y ( o r with a very good approximation) solved i f :
i ) t h e f l u i d is unbounded i i ) t h e viscous f o r c e s p r e v a i l over t h e i n e r t l a l ones (low Reynolds' number regime) i i i ) t h e p a r t i c l e ' s shape is simple enough (sphere /I/, c y l i n d e r /2/, e l l i p s o i d /3/ ) .
As soon as one o f t h e s e t h r e e conditions is not f u l f i l l e d one does not know t h e s o l u t i o n except i n few s i t u a t i o n s . Among unsolved problems, some concern a s i n g l e sphere e i t h e r i n f a s t sedimentation i n an unbounded f l u i d /4/ o r i n slow sedimentation i n s i d e a c y l i n d r i c a l tube / 5 / . So it is not very s u r p r i s i n g t h a t more complex s i t u a t i o n s and e s p e c i a l l y those r e l a t e d t o concentrated d i s p e r s i o n s have not y e t been solved. I propose i n t h i s paper t o isolate the main parameters r e l e v a n t to t h e p r o p e r t i e s of t h e s e systems and t o put forward some a s p e c t s of t h e rheology o f d i s p e r s i o n s c l o s e l y r e l a t e d t o t h e s c i e n c e of ceramics.
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I-MAIN PARAMETERS
Let u s f i r s t c o n s i d e r , i n a c o n t a i n e r , a d i s p e r s i o n o f i d e n t i c a l s p h e r e s i n a f l u i d . W e suppose t h a t , due t o a s u i t a b l e s t i r r i n g , t h e d i s p e r s i o n is homogeneous : except t h e s t a t i s t i c a l f l u c t u a t i o n s t h e number o f p a r t i c l e s by u n i t volume is t h e same everywhere i n t h e system. Let u s apply t o t h i s two phase medium an e x t e r n a l f i e l d as, f o r i n s t a n c e , g r a v i t y . Then, t h e s p h e r e s go down o r up depending on t h e i r buoyancyc o r r e c t e d weight. The p a t h followed by a given p a r t i c l e depends on t h e n e t r e s u l t o f f o r c e s and t o r q u e s e x e r t e d on it by t h e f l u i d , t h e e x t e r n a l f i e l d and t h e o t h e r p a r t i c l e s . a p a r t o f t h e f o r c e and t o r q u e e x e r t e d by t h e f l u i d is due t o its molecular n a t u r e and corresponds t o t h e t r a n s l a t i o n n a l and r o t a t i o n n a l brownian motions. Another part is due t o t h e convective motion o f t h e f l u i d regarded as a continuous medium. The d e t e r m i n i s t i c s t r e s s e s e x e r t e d on t h e p a r t i c l e r e s u l t from t h e flow o f t h e f l u i d due t o t h e motion o f t h a t p a r t i c l e and o f a l l t h e o t h e r s . Each p a r t i c l e sediments i n a f l u i d perturked by t h e f a l l o f t h e o t h e r s . T h i s i n d i r e c t i n t e r a c t i o n between s p h e r e s s t r o n g l y depends on t h e volume f r a c t i o n i n t h e d i s p e r s i o n . I t is c a l l e d t h e hydrodynamic i n t e r a c t i o n . The r e l a t i v e importance o f t h e brownian and convective e f f e c t s ( P e c l e t ' s number), e s s e n t i a l l y depends on t h e size o f t h e p a r t i c l e . I n o r d i n a r y c o n d i t i o n s , t h e P e c l e t ' s number i s about one f o r s p h e r e s when t h e r a d i u s i s approximately e q u a l t o one micron. Brownian motion can, i n g e n e r a l , be heglected f o r p a r t i c l e s large^ than few microns ( l a r g e P e c l e t ' s number regime).
When t h e s i z e o f t h e suspended p a r t i c l e s is i n t h e c o l l o i d a l range (1-1000m) t h e r e is a competition between t h e sedimentation o f t h e p a r t i c l e and t h e i r brownian d i f f u s i o n : a c o n c e n t r a t i o n p r o f i l e t a k e s p l a c e i n t h e d i s p e r s i o n .
Such a c o n c e n t r a t i o n p r o f i l e is s t a b l e u n l e s s a n aggregation process t a k e s p l a c e i n t h e suspension : i f two p a r t i c l e s can come very c l o s e each o t h e r due t o t h e i r brownian motion o r t h e flow o f t h e suspending f l u i d , they can aggregate under t h e a c t i o n o f Ve r W a a l s i n t e r a c t i o n /6/ s o t h a t t h e s i z e o f t h e " p a r t i c l e s " i n c r e a s e s and t h e d i s p e r s i o n f l o c c u l a t e s . Very o f t e n , t h e p a r t i c l e s g e t a s u r f a c e charge i n t h e f l u i d due t o an unequal d i s t r i b u t i o n of
charge between its s u r f a c e and t h e f l u i d . Then, a cloud o f ions, c a l l e d t h e double-layer, surrounds t h e p a r t i c l e and s c r e e n s its charge. The r e p u l s i v e f o r c e s between two p a r t i c l e s are reduced when t h e y a r e far from each o t h e r , b u t when hhey a r e c l o s e t h e o v e r l a p o f t h e c l o u d s p r e s e n t s t h e formation o f a g g r e g a t e s and s t a b i l i z e s t h e d i s p e r s i o n . Nevertheless t h e a d d i t i o n o f an e l e c t r o l y t e which i n c r e a s e s t h e i o n i c c o n c e n t r a t i o n a d reduces t h e e x t e n t o f t h e cloud may g r e a t l y modify t h e r e p u l s i v e s f o r c e s l e a d i n g t o an aggregation o f p a r t i c l e s . So, an important parameter t o t a k e i n t o account is t h e i o n i c c o n c e n t r a t i o n i n t h e f l u i d and more g e n e r a l l y t h e physico-chemical p r o p e r t i e s o f t h e f l u i d , reason why one can add polymer or o t h e r i n g r e d i e n t s i n t h e system i n o r d e r t o avoid o r t o assist t h e f l o c c u l a t i o n . L e t u s suppose now t h a t t h e weight o f t h e p a r t i c l e s is e x a c t l y compensated by t h e buoyancy f o r c e . I f one %poses known stresses o r known motions t o t h e d i f f e r e n t parts o f theA boundaries d e l i m i t i n g t h e d i s p e r s i o n a v e l o c i t y f i e l d and a s t r e s s f i e l d t a k e p l a c e i n t h e system. C l e a r l y , t h e behaviour o f t h e d i s p e r s i o n does n o t depend o n l y on t h e n a t u r e of t h e p a r t i c l e s and t h e f l u i d on t h e i n t e r a c t i o n s between p a r t i c l e s , b u t a l s o on t h e n a t u r e o f t h e s t r e s s e s o r t h e imposedmotion . In an homogeneous and newtonian f l u i d , two p a r a l l e l p l a n e s moving p a r a l l e l t o themselves with o p p o s i t e v e l o c i t i e s induce a simple s h e a r i n g motion : t h e v e l o c i t y f i e l d i n t h e f l u i d is l i n e a r . From t h e measurements o f t h e t a n g e n t i a l s t r e s s e s on one o f t h e planes, one can c a l c u l a t e t h e v i s c o s i t y o f t h e f l u i d . I f t h e f l u i d between t h e p l a n e s is a concentrated d i s p e r s i o n , t h e v e l o c i t y p r o f i l e is not l i n e a r and measurements o f t a n g e n t i a l s t r e s s e s g i v e a c c e s s o n l y t o an e f f e c t i v e v i s c o s i t y which would be t h a t o f an homogeneous f l u i d which submitted t o t h e same s o l l i c i t a t i o n would develop t h e same s t r e s s e s on a p l a n e d e l i m i t i n g t h e d i s p e r s i o n . More over one observes normal s t r e s s e s c h a r a c t e r i s t i c o f a non-newtonian behaviour. I f t h e same d i s p e r s i o n i s submitted t o a P o i s e u i l l e flow i n a t u b e , t h e v e l o c i t y p r o f i l e is not t h e well-known p a r a b o l i c one and t h e e f f e c t i v e v i s c o s i t y computed from t h e p r e s s u r e drop, t h e f l u x and t h e geometry o f t h e tube has, i n g e n e r a l , a v a l u e d i f f e r e n t from t h a t obtained i n t h e simple s h e a r i n g motion. So t h e v i s c o s i t y is not a c h a r a c t e r i s t i c o f t h e d i s p e r s i o n b u t depends on t h e t y p e o f t h e i m n s e d flow.
---

Another parameter t o t a k e i n t o accound is t h e shape o f t h e p a r t i c l e s . A sphere suspended i n a f l u i d i n a simple shearing motion r o t a t e s with an angular v e l o c i t y which is equal t o 1/2 G, where G is t h e shear r a t e . I n t h e same v e l o c i t y f i e l d , an e l l i p s o i d a l p a r t i c l e r o t a t e s wlth a non constant angular v e l o c i t y /3/. I f t h e p a r t i c l e is p r o l a t e ( c i g a r -l i k e ) it spends more time with its a x i s of revolution p a r a l l e l t o t h e stream l i n e s than perpendicular. The v i s c o s i t y o f d i s p e r s i o n of p r o l a t e e l l i p s o i d s is g r e a t e r than t h a t o f a d i s p e r s i o n of spheres w i t h t h e same volume f r a c t i o n .
11-VISCOSITY OF CONCENTRATED DISPERSIONS In t h e f i r s t y e a r s o f t h i s century, Einstein, i n h i s work on brownian movment, computed t h e v i s c o s i t y 7) of a d i l u t e d i s p e r s i o n of spheres and obtained t h e w e l l known r e l a t i o n : where qo is t h e v i s c o s i t y o f t h e suspending f l u i d and @ is t h e volume f r a c t i o n /7/.
This law is c o r r e c t only when t h e volume f r a c t i o n is very weak : a few percent /a/. Due t o hydrodynamic i n t e r a c t i o n between spheres not t a k e i n t o account by E i n s t e i n , t h e v i s c o s i t y increases more r a p i d l y than predicted from t h e r e l a t i o n (1). Considering i n t e r a c t i o n s between two spheres, Batchelor /9/ h a s obtained a r e l a t i o n up t o t h e second order i n 9 :
where K is a numerical c o e f f i c i e n t which depends on t h e type o f flow and on t h e importance o f brownian motion ( lowfhigh P e c l e t ' s number regimes). Such a r e l a t i o n a p p l i e s f o r volume f r a c t i o n up t o l o -15 % f o r spheres with hydrodynamic i n t e r a c t i o n s only. For l a r g e r values of 9, t h e r e is a wide d i v e r s i t y of phenomenological, semiempirical o r empirical r e l a t i o n s /lo/.
For suspensions of p a r t i c l e s i n t h e c o l l o i d a l range, t h e v i s c o s i t y is increased by t h e repulsion between t h e overlapping clouds ( c f . I ) and t h e r e s i s t a n c e of t h e s e clouds t o deformation. As t h e f o r c e s between p a r t i c l e s are g r e a t l y a f f e c t e d by t h e v a r i a t i o n s i n i o n i c concentration, one observes very important e f f e c t s on t h e v i s c o s i t y /ll/.
For l a r g e values of @(45 -60 %), ordered s t r u c t u r e s can appear i n d i s p e r s i o n of spheres, as observed by Hoffman /12/ o r Patzold /13/. The Hoffman's experiments, performed i n a simple shear, show an organization of spheres i n p a r a l l e l planes i n which t h e r e is an hexagonal ordering of spheres observed by l i g h t d i f f r a c t i o n . Such a s t r u c t u r e r e s u l t s from t h e competition between r e p u l s i v e s f o r c e s on t h e one hand and Van der Waals i n t e r a c t i o n and shear induced s t r e s s e s on t h e o t h e r hand. Above a c r i t i c a l s h e a r r a t e , t h i s s t r u c t u r e is d i s t a b i l i z e d : t h e d i f f r a c t i o n p a t t e r n c h a r a c t e r i s t i c of hexagonal o r d e r disappears and t h e v i s c o s i t y i n c r e a s e s by one o r two o r d e r s of magnitude. The P a t z o l d ' s experiments show t h a t t h e existence of such a s t r u c t u r e is c l o s e l y r e l a t e d t o t h e simple shearing motion. I n an extensionnal flow t h e r e is no r e g u l a r s t r u c t u r e i n t h e suspension and t h e v i s c o s i t y f o r l a r g e ( -60 % ) values of volume f r a c t i o n is higher i n t h i s type o f flow than i n simple shearing motion.
I n the intermediate range of concentration (20-50 %), s h e a r induced s t r u c t u r e s appear i n suspensions of spheres /14/, / I S / . One observes t h e existence of dynamical c l u s t e r s of p a r t i c l e s even i n t h e c a s e where the only r a l e v a n t i n t e r a c t i o n between spheres is t h e hydrodynamic one. These c l u s t e r s are observed as w e l l i n real experiment /16/ as i n computer simulations /17/ on two-dimensionnal d i s p e r s i o n /la/. B y analogy with t h e p e r c o l a t i o n theory /19/, d e Gennes suggested a rheoloqical model of suspensions /20/ i n which above a c r i t i c a l value 9' of t h e volume f r a c t i o n one has a two phase system : an i n f i n i t e c l u s t e r on t h e one hand and f l u i d and f i n i t e c l u s t e r s on t h e o t h e r . The rheoloqical p r o p e r t i e s of such a system a r e n o t , a t t h e present time, f u l l y understood : s t u d i e s on i n t r a -c l u s t e r s and i n t e r -c l u s t e r s c o n t r i b u t i o n s t o t h e v i s c o s i t y , e l a s t i c and v i s c o e l a s t i c p r o p e r t i e s of c l u s t e r s a r e now i n progress.
111 -SEDIMENTATION I t is w e l l kown t h a t an i s o l a t e d sphere o f r a d i u s a settles i n an unbounded f l u i d with t h e stokes' v e l o c i t y U, where F is t h e buoyancy-corrected weight of t h e sphere and q t h e v i s c o s i t y of t h e f l u i d . When one considers a suspension, t h e average s e t t l i n g v e l o c i t y o f spheres is lower than t h a t given by ( 3 ) , even f o r volume f r a c t i o n as low as 1 %. This phenomenon, due t o i n t e r a c t i o n s between spheres, can b e represented by an hindered s e t t l i n g function f ( + ) s o t h a t t h e average s e t t l i n g v e l o c i t y is given by For l a r g e spheres with only hydrodynamic i n t e r a c t i o n s , Batchelor /21/, computed t h e f function :
The experiments of Buscall e t c o l l . /22/ on micron-sized spheres show t h a t t h e f function is l i n e a r i n $J (with a c o e f f i c i e n t of the o r d e r of 5 r a t h e r than 6 . 5 5 ) up t o 10%.
The t h e o r e t i c a l a n a l y s i s h a s t o t a k e i n t o account t h e m u l t i p a r t i c l e i n t e r a c t i o n and t h e s p a t i a l d i s t r i b u t i o n o f t h e sedimenting p a r t i c l e s which is not known a p r i o r i being i t s e l f a p a r t o f t h e problem. So t h e B a t c h e l o r ' s r e s u l t ( 5 ) assumes t h a t , f o r low
values o f 4, t h e f i r s t c o r r e c t i o n t o Stokes's law r e s u l t s f o r pairwise i n t e r a c t i o n s i n a random d i s t r i b u t i o n . Non hydrodynamic i n t e r a c t i o n s between p a r t i c l e s as Van d e r Waals a t t r a c t i v e f o r c e s can cause a non-random d i s t r i b u t i o n with an excess o f c l o s e p a i r s of spheres /23/. As f o r t h e v i s c o s i t y , one of t h e question t o be solved, is t h e e x i s t e n c e o f a microscale s t r u c t u r e i n a sedimenting suspension due t o m u l t i p a r t i c l e hydrodynamic and/or non hydrodynamic i n t e r a c t i o n s .
Assuming t h a t f($J) depends only on t h e volume f r a c t i o n and monotonically decreases with @, Kynch /24/ used kinematic-wave theory t o d e s c r i b e t h e s h i f t i n g of +-d i s c o n t i n u i t i e s between t h e suspensions and t h e c l e a r f l u i d at t h e t o p on t h e one hand and between suspensions and t h e sediment l a y e r at t h e bottom, on t h e o t h e r hand. The v e l o c i t y o f t h e upper d i s c o n t i n u i t y is used i n measurements of t h e average s e t t l i n g v e l o c i t y /22/, /25/ from which it is p o s s i b l e t o propose empirical expressions o f t h e f function. The above-mentionned p o i n t s t o g e t h e r with sediment at ion i n inclined v e s s e l , polydisperse suspensions, and l a t e r a l segregation a r e t h e s u b j e c t s of an e x c e l l e n t review by Davis and Acrivos /26/.
IV-AGGREGATION PROCESSES
As mentionnee i n I, aggregation process can occur i n a suspension. When t h e system is macroscopically at r e s t t h e brownian motion may b r i n g t o g e t h e r two p a r t i c l e s which may s t i c k under t h e a c t i o n of a t t r a c t i v e i n t e r a c t i o n . The rate of formation of p a i r s o f p a r t i c l e s and more t h e growth of c l u s t e r s o f p a r t i c l e s h a s been studied f i r s t by Smoluchowski / 2 7 / . Recent computer simulations, i n i t i a t e d by t h e work o f Witten and sander /28/, showed t h a t , i n t h i s diffusion-limited aggregation ( D.L.A. ), the c l u s t e r s a r e not very compact. Their d e n d r i t i c shapes present s e l f -s i m i l a r p r o p e r t i e s which can be expressed by a f r a c t a l dimension dF r e l a t e d t o t h e Euclidian dimension d ( t h e dimension o f t h e space i n which the c l u s t e r s growth) by t h e approximate r e l a t i o n /29/.
